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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 5-13: Optoelectronic devices —
Hydrogen sulphide corrosion test for LED packages

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable_efforts_are made to ensure_that _the technical content of IEC
Publications is accurate,| IEC Jcannot be held responsible for the way/ in which/ they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC| National| Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity~Independent certification bodies provide conformity
assessment services'and;linsomel'areas;'access!'tolEC marks‘of’ conformity/ IEC i not responsible for any
services carried out by independent céettification:bodies,

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 60747-5-13 has been prepared by subcommittee 47E: Discrete semiconductor devices, of
IEC technical committee 47: Semiconductor devices. It is an International Standard.

The text of this International Standard is based on the following documents:

FDIS Report on voting

47E/746/FDIS 47E/751/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.
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A list of all parts in the IEC 60747 series, published under the general title Semiconductor
devices, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

This part of IEC 60747 provides the accelerated test method to assess effects of the tarnishing
of silver and silver alloys used for LED packages due to hydrogen sulphide, because sulphide
gas (H,S) tarnishes silver used in LED packages and causes lumen degradation.

There are some existing environmental stress test standards, but they intend to test contacts
and connections, not LED lumen degradation. IEC 60068-2-43 provides useful information to
assess effects to the contact resistance for contacts and connections due to corrosion of silver
and silver alloy. Because the criterion performance in IEC 60068-2-43 is contact resistance, it
is not applicable to LED packages to determine effects to the luminous/radiant flux maintenance.

For LEDs, light output should be measured, but there is no such provision in existing standards.
Therefore, this document has been drawn up.

This document provides the accelerated test method with mixture gas (H,S & NO,) test which
has the following merits:

o the test method in this document can reproduce the real failure mode;
e the test method in this document works to reproduce the in-situ linear kinetics;

e the test method in this document can reduce the testing duration.

In all tests, the major criterionofperformance will-beytheychangejinythe luminous/radiant flux
and/or electric characteristics '(e.g.“forward‘voltage and forward current) caused by sulphide
corrosion.

This test may not be suitable as a general corrosion test, i.e. it may not predict the behaviour
of flux and/or electric characteristics and-connections-in industrial atmospheres.

This document also contains an informative Annex A that gives information to predict
luminous/radiant flux degradation due to the silver and silver alloy tarnishing in particular
conditions from test results.
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SEMICONDUCTOR DEVICES -

Part 5-13: Optoelectronic devices —
Hydrogen sulphide corrosion test for LED packages

1 Scope

This part of IEC 60747 provides the accelerated test method to assess effects of the tarnishing
of silver and silver alloys used for LED packages due to hydrogen sulphide. Particularly, this
test method is intended to give information on silver and silver alloy tarnishing effects to the
luminous/radiant flux maintenance of LED packages. Additionally, this test method can give
information on electric performances of LED packages due to corrosion of silver and silver
alloys.

The object of this test is to determine the influence of atmospheres containing hydrogen
sulphide on parts of LED packages made of:

e silver or silver alloy;

e silver or silver alloy protected with another layer;

o other metals covered with silver or silver alloy.

Testing other degradations that are,susc¢eptible.téaffect. luminous/radiant flux maintenance

and/or electric performance (e.g. degradation of copper or silicone parts) is not the object of
this test.

This document is applicable to’LED packages for lighting applications only if referenced by an
IEC SC 34A document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068-1, Environmental testing — Part 1: General and guidance

IEC 60068-2-60:2015, Environmental testing — Part 2-60: Tests — Test Ke: Flowing mixed gas
corrosion test

IEC 60747-5-6, Semiconductor devices — Part 5-6: Optoelectronic devices — Light emitting
diodes

CIE 127, Measurement of LEDs

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply. ISO and IEC
maintain terminological databases for use in standardization at the following addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp
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31

luminous flux

¢V

quantity derived from radiant flux @, by evaluating the radiation according to its action upon the
CIE standard photometric observer

[SOURCE: IEC 60050-845:2020, 845-21-039, modified — The explanation for photopic vision
has been removed as well as the notes.]

3.2

radiant flux

¢e

power emitted, transmitted or received in the form of radiation

[SOURCE: IEC 60050-845:2020, 845-21-038, modified — The definition has been reviewed and
the notes have been removed.]

4 Test apparatus

4.1 General

The test apparatus consists of a climatic system, test enclosure, gas delivery system and means
for measuring gas concentration,-detailedyin IEC,60068-2-60:2015; Annex B.

Details of design and constructionfare-optionalibut; shall be, such that the conditions specified
for the method are fulfilled throughout the working volume and shall comply with the following
requirements:

o water droplets orlaerosols‘shall’notbe’injected into the' testtenclosure;

e air and water used shall be sufficiently clean in order not to affect performance of the test;

e the test atmosphere shall flow through the enclosure in such a manner as to ensure uniform
test conditions within the working volume;

e the sampling point for gas analyses shall be in the working volume of the test enclosure;
o the exhaust gases shall be treated in accordance with the relevant regulatory stipulations;

e the wet bulb pod shall be placed in the test chamber in such a manner not to exceed 0,1 %
of the cross-section of the test chamber.

4.2 Test jig

If jigs are used to set specimens under test, the jigs shall be made of corrosion-free materials
(e.g. UPVC tube, PTFE, glass, etc.).

The jigs shall also allow air to pass through easily enough so that the wind speed in the test
enclosure is not influenced significantly.

4.3 Test setup

If multiple specimens are tested, each specimen shall be set in the same posture. See Figure 1
as an example.

The distance between specimens should be 10 mm or more.

Corrosive materials or objects including corrosive materials (e.g. silver) other than the test
specimens shall not be set in the test enclosure.
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Figure 1 — Example of setup

5 Test atmosphere

The composition of the atmosphereqswithin the,-test, .chamber shall, satisfy the following
conditions:

e hydrogen sulphide: 2'x 496 yolivol;

e nitrogen dioxide: 4 x 10-8 vol/vol;

e temperature: 40.°C 210G

e relative humidity: 75 % +5%

e rate of ventilations 3 cycles/hour to 10 cycles/hour

The test atmosphere may be obtained by mixing hydrogen sulphide and nitrogen dioxide (from
any convenient source) with air and water vapour in a way to ensure a homogeneous mixture.
(More than one stage may be necessary to obtain a homogeneous distribution of the small
quantity of hydrogen sulphide.)

6 Preconditioning

6.1 General

The specimens under test shall not be cleaned in any way unless required by the manufacturer’s
instructions, the relevant detail specification, or agreed upon between the interested parties.

6.2 Hygroscopic treatment
Before the test, test specimens shall absorb moisture under the condition below.

e Temperature: 85°C+2 °C
e Relative humidity: 85 % + 5%

e Duration: more than 24 h and more than a period for the test specimens to reach a moisture
saturation condition.

The specimens shall be set in the test closure and the test shall be started within one hour after
the hygroscopic treatment.
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